Cellulases catalyze the hydrolysis of cellulose, the major constituent of plant biomass and the most abundant organic polymer on earth. Cellulases are modular enzymes containing catalytic domains connected, via linker sequences, to noncatalytic carbohydrate-binding modules (CBMs). A putative modular endo--1,4-glucanase (BhCel5B) is encoded at locus BH0603 in the genome of Bacillus halodurans. It is composed of an N-terminal glycoside hydrolase family 5 catalytic module (GH5) followed by an immunoglobulin-like module and a Cterminal family 46 CBM (BhCBM46). Here, the crystallization and preliminary X-ray diffraction analysis of the trimodular BhCel5B are reported. The crystals of BhCel5B belonged to the orthorhombic space group P2 1 2 1 2 and data were processed to a resolution of 1.64 Å . A molecular-replacement solution has been found.
Introduction
Plant cell walls are complex matrices composed primarily of structural carbohydrates that provide a robust protective layer (Mohnen, 2008) . The degradation of this lignocellulosic matrix requires the action of a large consortia of cellulolytic enzymes, primarily glycoside hydrolases, pectinases, polysaccharide lyases and carbohydrate esterases, which often have different carbohydrate-binding modules (CBMs) attached to them (Gowen & Fong, 2010; Minic & Jouanin, 2006) . They are either secreted as free cellulases in aerobic microorganisms or as part of large multienzyme complexes (cellulosomes; Bayer et al., 2004; Fontes & Gilbert, 2010) . CBMs potentiate the catalytic activity of associated catalytic modules by promoting close proximity between enzymes and insoluble substrates. Glycoside hydrolases (GHs) catalyze the cleavage of -1,4-glycosidic bonds of cellulose (Henrissat & Davies, 1997) . The genome of Bacillus halodurans (Takami et al., 2000) encodes a putative modular endo--1,4glucanase (BhCel5B) composed of an N-terminal glycoside hydrolase family 5 catalytic module (GH5) followed by an immunoglobulin-like domain (Ig) and a C-terminal family 46 CBM (BhCBM46) at locus BH0603 (GenBank accession No. BA000004). Recently, we solved the structure of the BhCBM46 module (PDB entries 4uz8 and 4uzn; Venditto et al., 2014) . In the present communication, we describe the crystallization and preliminary X-ray diffraction analysis of the fulllength trimodular endo--1,4-glucanase from B. halodurans.
Materials and methods

Macromolecule production
Endo--1,4-glucanase (BhCel5B) is a modular enzyme composed of an N-terminal glycoside hydrolase family 5 catalytic module (GH5) followed by an immunoglobulin-like module (Ig) and a C-terminal family 46 CBM. B. halodurans genomic DNA was used and the gene encoding BhCel5B (GenBank accession No. BA000004) was amplified and inserted into the pET-28a vector (Novagen), generating pCel5B (Wamalwa et al., 2006) . The encoded recombinant protein contained an N-terminal His 6 tag. The plasmid DNA, pCel5B, was transformed into Escherichia coli BL21 cells by the heat-shock method and the cells were cultured in Luria-Bertani broth at 310 K to mid-exponential phase (A 600 nm = 0.6). Recombinant protein overproduction was induced by adding isopropyl -d-1-thiogalactopyranoside (1 mM final concentration) with incubation for a further 16 h at 292 K. The cells were collected after centrifugation at 5000 rev min À1 for 10 min at 277 K. The pellets were frozen for 30 min and resuspended in 10 mM imidazole, 1 M NaCl, 5 mM CaCl 2 , 50 mM Na HEPES pH 7.5. The cells were lysed by sonication. After further centrifugation at 12 000 rev min À1 for 30 min at 277 K, the His 6 -tagged recombinant protein was purified from cell-free extracts by immobilized metal-ion affinity chromatography (IMAC) as described previously (Najmudin et al., 2006) . Purified BhCel5B was buffer-exchanged into 50 mM Na HEPES buffer pH 7.5 containing 200 mM NaCl and 5 mM CaCl 2 , and then subjected to gel filtration using a HiLoad 16/60 Superdex 75 column (GE Healthcare) at a flow rate of 1 ml min À1 . BhCel5B was concentrated using an Amicon 10 kDa molecular-mass centrifugal concentrator and washed three times with 20 ml water (Sigma) containing 1 mM CaCl 2 . The protein concentration was estimated using a molar extinction coefficient (") of 124 790 M À1 cm À1 at 280 nm with a Thermo Scientific NanoDrop 2000c and was verified by SDS-PAGE (Fig. 1 ). Macromoleculeproduction information is summarized in Table 1 .
Crystallization
Crystallization conditions were screened by the sitting-drop vapour-diffusion method using the commercial kits Crystal Screen, Crystal Screen 2, PEG/Ion and PEG/Ion 2 from Hampton Research, California, USA and an in-house 80 factorial screen using an Oryx8 robotic nanodrop dispensing system (Douglas Instruments). The best diffracting crystals were obtained from the in-house 80 factorial screen ( Table 2 ). The crystals were vitrified in liquid nitrogen after soaking in cryoprotectant [30%(v/v) glycerol added to the crystallization buffer] for a few seconds.
Data collection and processing
The crystals were tested on beamlines I04 and 102 at the Diamond Light Source, Harwell, England. A systematic grid search was carried out on each of these crystals to select the best diffracting part of the crystal. EDNA (Winter & McAuley, 2011) Table 1 Macromolecule-production information.
The cloning artefact containing the N-terminal His 6 tag, the putative boundaries between the GH5 and Ig modules and between the Ig and CBM46 modules at positions Ser365/ Ser366 and Thr459/Pro460, respectively, are underlined. Table 2 Crystallization. is the ith intensity measurement of reflection hkl, including symmetry-related reflections, and hI(hkl)i is its average. § CC 1.2 is the half data set correlation coefficient (Diederichs & Karplus, 2013 ) } The Matthews coefficient (Matthews, 1968 ) based on the molecular weight from the sequence indicates the presence of a single molecule in the asymmetric unit. 
